A B S T R A C T The metabolism of chylomicrons doubly labeled with cholesterol-'H and triglyceride--"C was studied in unanesthetized rats which were absorbing a fatty test meal. 10 min after intravenous injection, 80% of chylomicron cholesteryl ester, but only 20% of chylomicron triglyceride, was found in the liver. Treatment of recipient rats with puromycin to block hepatic triglyceride release did not increase the proportion of chylomicron triglyceride found in the liver.
INTRODUCTION
Newly absorbed dietary triglyceride and esterified cholesterol appear in intestinal lymph in chylomicrons which enter the bloodstream via the thoracic duct. The subsequent fate of these chylomicron constituents has been the subject of considerable investigation (for reviews see references [1] [2] [3] . It has been established that both triglyceride and cholesteryl ester are removed from the blood very rapidly. Chylomicr6n cholesteryl ester is cleared almost exclusively into the liver (4, 5) whereas the liver accounts for only about 20-30% of chylomicron triglyceride removal (6) (7) (8) , the remainder being cleared by extrahepatic tissues.
The mechanism whereby chylomicron cholesteryl ester becomes separated from most of the triglyceride has not been elucidated. Obviously two main possibilities exist.
On the one hand the observed distribution could be reached if the liver processed chylomicrons in such a way as to remove the cholesteryl ester and some of the triglyceride, and then released cholesteryl ester-depleted particles back into the blood to be carried to peripheral tissues for final removal. On the other hand, if chylomicrons were initially processed in extrahepatic tissues where most of their triglyceride was removed, a cholesteryl ester-rich particle could be returned to the liver for final removal. The second possibility received support from the experiments of Nestel, Havel, and Bezman (9) who showed that in functionally hepatectomized dogs chylomicron triglyceride was cleared but cholesteryl ester remained in the blood. Their experiments suggested therefore that partition of these chylomicron components was accomplished in the extrahepatic tissues.
In this investigation the clearance of chylomicron components has been reexamined in functionally hepatectomized rats. The observations of Nestel et al. (9) have been confirmed in rats and the nature of the cholesteryl ester-rich particles which accumulate in the plasma has been studied. The uptake by the liver of these cholesteryl ester-rich "remnant" particles has been examined and a scheme for metabolism of chylomicrons has been proposed. 
METHODS
Preparation of chylomicrons. The thoracic ducts of female 200-250 g rats (Holtzman) were cannulated by the method of Bollman, Cain, and Grindlay (10) and the animals were placed in restraining cages (11) . 24 hr or 48 hr later the rats were given a test meal of 1-2 ml corn oil or olive oil containing 2%, cholesterol, cholesterol-1,2-'H /ACi),' and triolein-1-"C (5-10 /ACi).' Lymph samples were collected in plastic vessels in ice from about 2-8 hr after the test meal. No anticoagulant was used. Lymph was filtered through gauze to remove clots. Aliquots were layered under a discontinuous NaCl gradient (12) and then centrifuged at 63,581 g (average) for 68 min at 10'C in the SW 25.1 rotor of the Spinco model L ultracentrifuge.' The top layer of the gradient was 0.9% NaCl. The packed chylomicrons were dispersed by shaking vigorously in 0.9% NaCl to a final triglyceride concentration of 20-30 mg/ml. Contact with glass surfaces was avoided throughout. The washed chylo- Distribution of chylomicrons. Under ether anesthesia a plastic cannula was placed in the right jugular vein of female rats weighing 200-250 g. The animals were placed in restraining cages and 0.2 ml/hr of 0.9% NaCl was infused steadily into the cannula to prevent clotting at the tip. Tap water was available to drink. The next day animals received 1 ml of 2% cholesterol in corn oil by stomach tube, avoiding anesthesia. Chylomicrons or serum was injected 1H-2 hr later in a volume of 0.3-0.5 ml followed by sufficient saline to clear the cannula. From 2.5-12.2 mg of chylomicron triglyceride were injected, the mean dose being 7.2 mg. 10 min later 0.2 ml of 6% sodium pentobarbital was given via the cannula and then the animals were exsanguinated as completely as possible via the abdominal aorta. The liver was rapidly removed without perfusion and washed under running water. Perfusion was avoided but, as plasma clearance in most cases was very rapid any corrections due to plasma trapped in the liver would be very small. The whole liver was extracted in 20 vol of chloroform-methanol 2: 1 to avoid sampling difficulties which have been reported for rat liver (13) . Aliquots of the extracts were washed (14) . Plasma Analtical. Lipids were extracted from most samples using chloroform-methanol as described above. Cholesterol (16) (20) .
Under the same conditions the clearance of 32P-labeled chylomicron phospholipid was studied. In a group of five rats 36.9 ±2.39 (SE) % of the injected dose of 32P was recovered in the liver lipids after 10 min. The mechanism of phospholipid clearance was not studied further but it, too, is subject to rapid exchange (12, 21) .
Anesthesia inhibited the clearance of the cholesterol moiety of injected chylomicrons (Table I) . After ether only 23% of chylomicron total cholesterol was found in the liver and barbiturate anesthesia reduced the hepatic recovery of injected chylomicron cholesterol ester by half. On the other hand, the effect of anesthesia on triglyceride clearance by the liver was much less marked, although statistically significant for ether (Table I) .
All experiments were carried out using washed chylomicrons, but similar results were obtained in two rats that were injected with whole lymph collected less than 30 min before at room temperature. It (22) and triglyceride accumulated in the livers of rats given puromycin under conditions similar to the present experiments (23) . It seemed useful therefore to examine the fate of chylomicrons in rats treated with puromycin to see if a larger fraction of injected triglyceride would accumulate in the liver. However, the amount of triglyceride label recovered in the liver was moderately reduced (Table I) , whereas the amount of chylomicron esterified or total cholesterol found in the liver was similar to that found in controls.
Chylomicrons were injected into functionally eviscerated rats which were maintained either inactive under barbiturate anesthesia or awake in restraining cages. Animalsfunder barbiturate anesthesia were given doses of chylomicrons containing between 12 and 30 mg triglyceride. After a period of 30 min a considerable amount of the injected triglyceride had been cleared, but much more of the cholesteryl ester remained in the plasma (Table II) . The mean ratio of recovery of the injected dose of triglyceride to that of the injected dose of cholesteryl ester was 0.22. Animals which were allowed to recover from anesthesia before administration of chylomicrons showed a lower ratio of recovery after 90 minm vis. 0.07 (Table II) . Triglyceride was cleared very efficiently in these rats, although higher values seen in anesthetized rats might have been due in part to hemoconcentration. In addition, unanesthetized rats were able to clear a much (Fig. 1 A) . When conditions were such that most of the remnant material was removed fronm the origin (Fig. 1 B) , there was a fairly uniform distribution in the gradient, and no evidence of a discrete monodisperse particle was obtained. When remnant-containing serum was injected into rats, in 10 min more than 90% of injected cholestryl ester and more than 50% of the injected labeled fatty acids were found in the liver (Table IV) . 1 DISCUSSION These experiments showed that chylomicron cholesteryl ester was rapidly partitioned from most of the chylomicron triglyceride. Within 10 min most of the cleared cholesteryl ester appeared in the liver, whereas only about 20% of chylomicron triglyceride was found in this organ. It must be stressed that these observations were made in rats that were actively absorbing cholesterol and fat, so the immediate fate of injected labeled chylomicrons might be representative of physiological conditions. Anesthesia was avoided, because it was shown that both ether and barbiturate impaired hepatic clearance of cholesteryl ester by the liver.
In functionally hepatectomized rats chylomicron cholesteryl ester was again rapidly partitioned from most of the chylomicron triglyceride. This partition caused accumulation of cholesteryl ester-rich remnant particles in the blood of these rats. Analysis of isolated remnant material showed that the particles contained about 79% triglyceride and about 13% cholesteryl ester which represent a mass ratio of cholesteryl ester to triglyceride of 16.5%. The mass ratio in injected chylomicrons was 1.54%. It can be calculated that removal of 90% of the triglyceride from the injected chylomicrons would result in the observed composition of the remnant particles. Because the particles were prepared in functionally hepatectomized animals, however, removal of triglyceride might have been more extensive than in the intact animal where partially degraded particles would be continuously removed by the liver. The median diameter of the remnant particles was about 90 m/A compared with about 200 mu for chylomicrons. By calculation, such a reduction in median diameter would It should be pointed out that the interpretation offered to explain the observations made in these experiments is not new. Nestel et al. (9) suggested that the liver might take up some intact chylomicrons and some which had been depleted of variable portion of their triglyceride. Goodman (2) proposed that shrunken chylomicrons containing cholesteryl ester might be re- (Table I) .
The mechanism by which the remnant particles were taken up by the liver was not studied in these experiments. However as shown in Table IV after 1 min a large portion of the remnants was taken up by the liver with the same ratio of cholesteryl ester to triglyceride as the injected material. Because these animals were actively absorbing lipid the injected material behaved as a tracer and therefore it is unlikely that "trapping" of these particles in hepatic sinusoids could account fully for the observed distribution. However the presence of some labeled unesterified fatty acids in the injected material makes interpretation difficult. Further experiments will be necessary to establish whether the distribution indicates uptake of whole remnant particles, which would be compatible with the results of Olivecrona and Belfrage (8, 28) (31) it is clear that they were responsible for a relatively small proportion of hepatic cholesterol uptake, which supports the conclusions of Di Luzio and Riggi (27) . The in vitro perfused liver is able to take up triglyceride-labeled chylomicrons to the extent of 20-30% (32, 33 
